The distance at which an individual flees from a potential predator represents a measure of risk taking. If individuals are engaged in another activity that might affect fitness, trade-offs between the fitness benefits of flight and the other activity should determine the nearest distance of approach by a predator. In a comparative analysis of birds, flight distance represented a reliable measure of risk of predation by the sparrowhawk Accipiter nisus that increased with decreasing flight distance across species. To test the hypothesis that singing males adjusted their risk taking to the costs and benefits of early flight, we compared the flight distance of singing and nonsinging birds to an approaching human observing with a binocular. Singing birds on average fled at a greater distance than nonsinging birds, implying that singing birds took small risks. We used a standardized measure of difference in flight distance between singing and nonsinging individuals to investigate factors affecting interspecific variation in risk taking. Species that used more exposed song posts (sites used for singing) took smaller risks than species with less exposed song posts. Species that suffered from higher levels of parasitism as reflected by the prevalence of Plasmodium, but not by 3 other genera of blood parasites, took greater risks during singing compared with nonsinging activities. Likewise, species with high circulating levels of natural antibodies, and hence a history of natural selection caused by bacteria took relatively greater risks during singing than species with few natural antibodies. These findings suggest that risks taken by singing birds have been molded by natural and sexual selection, and that risk taking represents a compromise between the costs and benefits of flight from a potential predator.
The distance at which an individual flees from a potential predator represents a measure of risk taking. If individuals are engaged in another activity that might affect fitness, trade-offs between the fitness benefits of flight and the other activity should determine the nearest distance of approach by a predator. In a comparative analysis of birds, flight distance represented a reliable measure of risk of predation by the sparrowhawk Accipiter nisus that increased with decreasing flight distance across species. To test the hypothesis that singing males adjusted their risk taking to the costs and benefits of early flight, we compared the flight distance of singing and nonsinging birds to an approaching human observing with a binocular. Singing birds on average fled at a greater distance than nonsinging birds, implying that singing birds took small risks. We used a standardized measure of difference in flight distance between singing and nonsinging individuals to investigate factors affecting interspecific variation in risk taking. Species that used more exposed song posts (sites used for singing) took smaller risks than species with less exposed song posts. Species that suffered from higher levels of parasitism as reflected by the prevalence of Plasmodium, but not by 3 other genera of blood parasites, took greater risks during singing compared with nonsinging activities. Likewise, species with high circulating levels of natural antibodies, and hence a history of natural selection caused by bacteria took relatively greater risks during singing than species with few natural antibodies. These findings suggest that risks taken by singing birds have been molded by natural and sexual selection, and that risk taking represents a compromise between the costs and benefits of flight from a potential predator. Key words: malaria, natural antibodies, parasitism, predation, song, song post. [Behav Ecol] P redation is an important cause of death in most animals (e.g., Curio 1976; Caro 2005) . Therefore, it is not surprising that a large number of different adaptations have evolved to partly reduce the risk of predation (Caro 2005) . For example, habitat use, temporal organization of daily routine, amount and kind of food eaten, and the risk taken during foraging or other activities all comprise aspects of adaptations to reduce predation risk. An individual's response to a potential predator may be subject to trade-offs (Dill 1987; Blumstein and Bouskila 1996) because the reduction in risk of predation is traded against risk of starvation or risk of not finding a mate.
Although trade-offs between foraging and other activities such as refuge use or shelter seeking have been described (review in Caro 2005) , there is also ample scope for trade-offs between foraging and sexual behavior. Given that sexual signals tend to be condition dependent (reviews in Johnstone 1995; Jennions et al. 2001) , such trade-offs should differ among individuals with different condition and hence different expression of secondary sexual characters. State-dependent foraging is commonly reported (Clark 1994) , suggesting that species in poor condition often take greater risks (e.g., Bachman 1993; Krause et al. 1998 ). This argument can also be extended to the interspecific level because individuals of species with exaggerated secondary sexual characters will run disproportionately large risks of predation as shown by comparative analyses of prey eaten by avian predators (Huhta et al. 2003; Møller and Nielsen 2006) . Likewise, species differ consistently in risk taking depending on their fecundity and survival prospects (Ghalambor and Martin 2001) . Therefore, risk taking should differ among species reflecting such interspecific differences in risk of predation.
Singing by male (and female) birds is a sexual display performed in a specific site, usually a fixed song post in a bush or tree, or in species with song flight in the air while flying, and such a site may be chosen to optimize the costs and benefits associated with the use of that site. Scherrer (1972) , in an early contribution, quantified not only the exposure of singing male birds, finding great differences among species but also effects of habitat, with males in more dense habitats using more secluded song posts, despite exposed song posts also being available in such habitats. Møller et al. (2005) analyzed song post use by males in a community of passerine birds in Europe, showing that species with more exposed song posts fell prey to sparrowhawks Accipiter nisus disproportionately often. Furthermore, a path analysis of the causal relationships between predation risk, song post exposure, and sexual coloration, which independently affected predation risk (Huhta et al. 2003; Møller and Nielsen 2006) , showed that an increase in song post exposure caused an increase in predation risk. In contrast, there was little evidence of susceptibility to predation driving the evolution of song post exposure (Møller et al. 2005) . These findings suggest that it is sexual selection that exaggerates song post exposure, thereby imposing a cost in terms of natural selection on singing males due to predation. This raises the possibility that song post exposure affects risk taking. An elevated risk of predation for males with exposed song posts could partly be ameliorated if such males took small risks by flying off early during the approach of a potential predator. Given that males must sing in order to attract a mate and defend a territory, they may flee sooner than nonsinging males because monitoring of an approaching potential predator is a cognitively costly behavior. If this alternative hypothesis accounted for male flight responses to an approaching potential predator, we would expect that the distance at which a singing individual detected an approaching predator would be shorter than that of an individual involved in other activities.
Diseased and heavily parasitized individuals run elevated risks of predation, as shown by comparisons of the level of parasitism of prey and individuals from the general population (Temple 1986 ). Likewise, prey differs from random individuals in terms of immune function (Møller and Erritzøe 2000) . Differences in predation risk of diseased and healthy species may be attributed to differences in ease of capture or condition (Zuk and Kolluru 1998) . However, if diseased or parasitized individuals are more likely to die, they have reduced residual reproductive value (current and future reproductive success multiplied by the likelihood of reaching older age [Fisher 1930 ]) compared with healthy individuals. Hence, such individuals should take relatively greater risks because their reduced residual reproductive value should change the trade-off between safeguarding against predation and, for example, risks taken during sexual display.
A corollary of the natural selection costs of parasitism is that the immune system has evolved and is maintained as a defense against parasitism. Therefore, the strength of immunity can be considered a measure of the impact of parasites on host fitness (e.g., Møller et al. 1999) . Given that strong immune responses would imply strong pressures of natural selection caused by parasitism, immunity should affect risk taking by hosts. More specifically, we would expect species with strong immune responses to take greater risk, simply because individuals of such species would have reduced residual reproductive value. Here, we use interspecific variation in levels of natural antibodies (NAbs) for testing interspecific variation in risk taking. We deliberately chose to use this measure of immunity because it is part of innate immunity and thus not subject to induction by exposure to parasites (Abbas et al. 1994) . Constitutive innate immunity represents the first line of defense against parasite attack, with the 2 parts being NAbs and complement. The function of these 2 components is to recognize and initiate the complement enzyme cascade (NAbs) that eventually ends in cell lysis (Carroll and Prodeus 1998) . NAbs have been shown to provide resistance to malarial parasites (Congdon et al. 1969) and correlate with the abundance of chewing lice (Whiteman et al. 2006) . Naturally occurring concentrations of NAbs can kill bacteria and spirochetes in vivo (Ochsenbein et al. 1999; Belperron et al. 2001 ) and clear lipopolysaccharides in vitro (Reid et al. 1997) .
The objectives of the present study were to test a number of predictions relating to risk taking by singing birds under field conditions. Song plays a central role in male-male competition and female choice (Catchpole and Slater 1995) , and the fitness benefits of song are therefore well documented. However, the cost of bird song as a condition signal is debated (Ward et al. 2004 and references therein). Here, we tested the assumption that short flight distances predisposed individuals to an elevated risk of predation, using a unique data set on predation risk. Furthermore, we tested the following predictions. 1) Bird species with more exposed song posts took smaller risks by having relatively longer flight distances. 2) Bird species with high prevalence of malaria caused by the hematozoan blood parasite genus Plasmodium, but not other genera of blood parasites that are presumed to be less virulent due to their weaker effects on erythrocytes (Atkinson and Van Riper 1991) , took greater risks when singing by having short flight distances when singing relative to those during other activities. 3) Bird species with high levels of NAbs and hence a history of parasite-mediated selection took greater risks when singing by having short flight distances when singing relative to those during other activities.
METHODS

Song flight distance
During March-August 2006, A.P.M. estimated flight distances for birds, using a standardized technique developed by Blumstein (2006) . These recordings were made in Ile-deFrance, France, and Northern Jutland, Denmark. The method adopted differed from that of Blumstein (2006) in one important respect: to avoid the problem of large species being detected by the observer at a larger distance than small species, thereby producing a relationship between starting distance and body size, we used binoculars to find a target individual and then subsequently walked toward that individual. This approach not only reduced the strength of the relationship between flight distance and starting distance but also the relationship between starting distance, flight distance, and body mass. In brief, when an individual bird had been located while resting, foraging, preening, or singing, the observer moved at a normal walking speed toward the individual, while recording the number of steps (which approximately equals meters). The distance at which the individual took flight was recorded as the flight distance, whereas the starting distance was the distance from where the observer started walking until the position of the bird. If the individual was positioned in the vegetation, the height above ground was recorded to the nearest meter. While recording these distances, A.P.M. also recorded date and time of day, whether the individual was singing or not, and the sex of the individual if external characteristics allowed sexing with binoculars. Flight distance was estimated as the square root of the sum of the squared horizontal distance and the squared height (Blumstein 2006) .
All recordings were made during the breeding season, when most individuals are sedentary, thus preventing the same individual from being recorded in different sites. Only adults were included to avoid problems caused by juveniles having short flight distances. If there was doubt about age, an individual was not recorded. We avoided pseudoreplication by only recording individuals of a given sex and species at a given site. We recorded 2298 flight distances in total, and the present study of flight distance and song is based on data for 40 species for which we had information on flight distance for both singing individuals and individuals involved in other activities.
We cross-validated our estimates of flight distances in 2 different ways. First, we compared our estimates with those published by Blumstein (2006 
Ecological variables
Sparrowhawk predation
We used extensive data on observed and expected abundance of prey of sparrowhawks obtained during 21 years in a study area of 2417 km 2 in Northern Denmark (Møller and Nielsen 2006) . A total of 31 745 prey items of 64 species of birds were used, whereas 3178 prey items were excluded because they were mammals, cage birds, or migrants. All nest sites were visited 3-4 times during the breeding season, and sampling effort can therefore be considered to have remained similar across sites. We calculated the expected number of prey by using information on density of breeding birds (Grell 1998) . Maps of the density of breeding birds have been made based on systematic point counts of breeding birds carried out by hundreds of amateurs, providing reliable estimates of breeding bird density as shown by extensive analyses of potential sources of error and bias and by cross-validation with other census methods (see summary in Grell 1998).
We estimated a logarithmic index of prey vulnerability as the observed log 10 -transformed number of prey minus the log 10 -transformed expected number of prey. The expected number of prey according to abundance was estimated as the proportion of prey individuals of each species multiplied by the total number of prey individuals, according to the results of point counts reported by Grell (1998) . This index has a value of zero when prey is taken according to their abundance, with a value of 11 indicating an overrepresentation by a factor 10 with respect to abundance, whereas a value of ÿ1 indicates an underrepresentation by a factor 10. For further details, see Nielsen (2006, 2007) .
Song posts
We estimated song post exposure by determining the height of the song post of common passerine birds relative to the surrounding vegetation or structures such as buildings (see Møller and Nielsen 2006) for further details and data). In brief, song post exposure is estimated as the percentage of all song posts of a given species that are at a height above the surrounding vegetation, ranging from 0 when all song posts are lower than the surrounding vegetation to 100 when all song posts are above the vegetation. This method for describing song posts was first developed by Scherrer (1972) , and we found a high degree of consistency in song post exposure estimates between the study of Møller and Nielsen (2006) and that of Scherrer (1972) .
Sexual dichromatism
We scored species as either sexually monochromatic or dichromatic. Species were classified as monochromatic, and given a score of zero, if males and females could not be reliably distinguished based on plumage characters according to field guides (e.g., Svensson 1984; Mullarney et al. 2000) . Any sex difference in plumage coloration was considered to represent sexual dichromatism, which was scored as one. For example, blue tits, Parus caeruleus, that can be reliably sexed based on the intensity of the blue coloration of the crown, were scored as dichromatic, whereas coal tits, Parus ater, that cannot be sexed based on plumage characters, were scored as monochromatic. Our dichotomous score was strongly positively correlated with quantitative scores from Møller and Birkhead (1994) and Read (1987) , suggesting that dichotomous and continuous scores provide similar information (analysis for goshawk: F ¼ 9.62, df ¼ 1,11, r 2 ¼ 0.47, P ¼ 0.010, analysis for sparrowhawk:
Therefore, we only report results for sexual dichromatism scored on a dichotomous scale. We did not have information on ultraviolet coloration, and we were therefore restricted to only use sexual dichromatism in the visible domain for humans.
Blood parasites
We used information on prevalence of blood parasites from Europe by relying on information in Møller and Nielsen (2006) . We also extracted information on the number of individuals examined for each of the host species. In total, the study was based on examination of infection level of 18 429 individual juvenile and adult hosts based on blood smears. Blood parasites are typically only present in the blood stream in juvenile and adult hosts but often not in nestlings. Most of the blood parasite information derives from Northern Europe, where the study of flight distance was also conducted. Hence, there was a high degree of overlap between the geographical location of study sites for parasites and predation.
Natural antibodies
Blood was collected from adult birds captured during the breeding season 2005 in the Danish study sites by puncturing the brachial vein and collecting 2 heparinized capillaries of 75-ll blood that were stored in a cooling box at a temperature just above freezing. In the laboratory, within a period of 2 h, we centrifuged the capillaries for 10 min at 4000 rpm. Plasma and cells were separated and stored at ÿ20°C until analysis at the laboratory.
To estimate the levels of circulating NAbs and complement, we used the procedure developed by Matson et al. (2005) and adjusted by Møller and Haussy (2007) . The agglutination part of the assay estimates the interaction between NAbs and antigens in rabbit blood producing blood clumping. Quantification of agglutination is achieved by serial dilution in polystyrene 96-well assay plates, with the dilution step at which the agglutination reaction is stopped. We used fresh rabbit blood with Alsever's anticoagulant, 96 round well assay plates, and an EPSON 4490 photo scanner that was set at professional mode, with document-type color film, 48-bit color, and 300 dpi. Whole rabbit blood was stored at 4°C. After determination of the level of hematocrit, we diluted to obtain a solution of 1% of erythrocytes.
The protocol for hemagglutination was as follows. The plasma samples were thawed and homogenized using a vortex. Subsequently, 25 ml of plasma was pipetted into each column, followed by addition of 25 ml of the solution in all wells. Subsequent wells contained a solution diluted by a factor 2 from a solution of 1 in 2 in the first well to a solution of 1 in 2048 in the 11th well. Well number 12 only contained the dilution of erythrocytes, thus serving as a negative control. Subsequently, 25 ml of the 1% solution of rabbit blood was added to all wells. The assay plate was then covered and shaken for 10 s, followed by incubation for 90 min in a bath at 37°C. The assay plate was then removed from the bath at left at an inclination of 45°C at ambient temperature for 20 min. The assay plate was then read and scanned. Scoring was based on negative wells having a small round agglutinate at the bottom thus forming a well-defined red round point and positive wells having a diffuse film at the bottom. See Møller and Haussy (2007) for further details of procedures.
Body mass
Larger species may provide more resources to predators, but may be more difficult to catch, whereas small species may be unprofitable. Accordingly, Götmark and Post (1996) and Møller and Nielsen (2006) showed that prey species of intermediate body size suffered an elevated risk of predation by the sparrowhawk. Therefore, we used body mass and squared body mass of all species as additional predictor variables based on our own field measurements or in the absence of data as reported by Dunning (1993) . All data are reported in Appendices 1-2.
Statistical analyses
Flight distance, starting distance, and body mass were log 10 transformed before analysis. Song post exposure and prevalence of blood parasites were square root arcsine transformed before analysis.
We tested whether flight distance is a species-specific attribute in a nested analysis of variance with flight distance as the response variable and song behavior (song or other behavior) nested within species, species, and starting distance as predictor variables. A significant species effect would imply that there is significant variation among species as required for comparative analyses.
Once having shown that flight distance is species specific, we tested whether mean flight distance differed between singing males and individuals involved in other activities, using a paired t-test weighted by sample size to account for interspecific differences in sampling effort.
Once having shown that flight distance on average differed between singing males and males with other activities, we developed an index of relative flight distance when singing for all species. This was simply log 10 -transformed mean flight distance of nonsinging males minus log 10 -transformed mean flight distance of singing males. This index has a value of zero when singing males do not differ from individuals with other activities with respect to flight distance, whereas positive values imply that singing individuals take smaller risks and negative values imply that singing individuals take greater risks relative to individuals engaged in other activities. Blumstein (2006) has shown that flight distance is influenced by starting distance, and, therefore, we adjusted for starting distance in the analyses by using that variable as an additional independent variable.
We analyzed factors explaining variation in predation risk to the sparrowhawk by relying on factors previously identified as explaining such risk (Møller and Nielsen 2006) . These factors included abundance, sexual dichromatism, and a polynomial effect of body mass of prey, reflecting the fact that predators prefer prey of intermediate body size.
All analyses were weighted by sample size to adjust for uneven sampling effort among species under the assumption that estimates based on larger sample sizes were closer to the true population estimate.
Comparative analyses
Closely related species are more likely to have similar phenotypes than species that are more distantly related. Therefore, species cannot be treated as statistically independent observations in comparative analyses because apparent phenotypic correlations among species may result from species sharing a common ancestor rather than convergent evolution. Initially, we tested if there was a significant phylogenetic signal in the data by calculating the parameter k (Freckleton et al. 2002) . In the 3 tests (Tables 2-4) , we did not find a significant k (k , 0.81, P . 0.38), and the results based on generalized least squares (Pagel 1997 ) and the species-specific data were the same. Therefore, we present analyses of the speciesspecific data and the analyses controlled for similarity in phenotype among species due to common phylogenetic descent based on standardized independent linear contrasts (Felsenstein 1985) , using the software CAIC (Purvis and Rambaut 1995) . We tested the statistical and evolutionary assumptions of the comparative analyses (Garland et al. 1992 ) by regressing absolute standardized contrasts against their standard deviations. In order to test for effects of problems of heterogeneity in variance, 1) we excluded outliers (contrasts with Studentized residuals . 3) in a second series of analyses (Jones and Purvis 1997) and 2) analyses were repeated with the independent variable expressed in ranks. These analyses are conservative tests of the null hypothesis, explicitly investigating the robustness of the conclusions. In neither case did these new analyses change any of the conclusions, and they are therefore not reported here.
The composite phylogenies used in the comparative analyses were based on Sibley and Ahlquist (1990) , combined with information from other sources (Sheldon et al. 1992; Blondel et al. 1996; Slikas et al. 1996; Badyaev 1997; Helbig and Seibold 1999; Barker et al. 2001 Barker et al. , 2004 Voelker and Spellman 2004) (Supplementary Figure 1A,B) . Because information for the composite phylogenies originated from different studies using different molecular and phylogenetic methods, consistent estimates of branch lengths were unavailable. Therefore, branch lengths were transformed assuming a gradual model of evolution with branch lengths being proportional to the number of species contained within a clade. The results from the phylogenetic analyses were also qualitatively similar when making the calculations using the taxonomy of Sibley and Monroe (1990) .
We used sexual dichromatism as continuous variables in the analyses despite the fact that it was defined as a dichotomous variable because intermediate states of this variable are biologically meaningful. Using variables as continuous variables in statistical analyses is similar to using a dichotomous variable as a dummy variable in standard regression analyses (Sokal and Rohlf 1995) .
A common underlying assumption of most statistical approaches is that each data point provides equally precise information about the deterministic part of total process variation, that is, the standard deviation of the error term is constant over all values of the predictor or explanatory variables (Sokal and Rohlf 1995) . The standard solution to this problem is to weight each observation by sampling effort in order to use all data, while giving each datum a weight that reflects its degree of precision due to sampling effort (Sokal and Rohlf 1995) . Violation of this assumption and its implications has only recently been considered in comparative analyses by weighting contrasts by sample size Nielsen 2006, 2007) . In order to weight regressions by sample size in the analysis of contrasts, we calculated weights for each contrast by calculating the mean sample size for the taxa immediately subtended by that node Nielsen 2006, 2007) .
We used multiple regression to find the best fit model, using the software JMP (2000) . The best fit model was determined using Akaike's information criterion (AIC) as an estimate of the improvement in fit for addition of variables (Burnham and Anderson 1998) . We started out by using the best fit models and then adding factors according to their delta AIC values, using the criterion that a change in AIC of more than 2.00 would be considered biologically meaningful (Burnham and Anderson 1998) . These analyses were repeated using Mallow's Cp criterion for choice of the best fit model (JMP 2000) , which is the model with a Cp value closest to the number of parameters p in the model. There was no evidence of collinearity between variables. Green (1979) suggested that any correlation less than 0.70 will eliminate serious problems of collinearity.
Regressions of standardized linear contrasts were forced through the origin because the comparative analyses assume that there has been no evolutionary change in a character when the predictor variable has not changed (Purvis and Rambaut 1995) .
We report effect sizes estimated as Pearson's productmoment correlation coefficients, using the conventions of Cohen (1988) that a small effect equals r ¼ 0.10, intermediate effect equals r ¼ 0.30, and a large effect equals r ¼ 0.50. Effect sizes in biology are typically on average r ¼ 0.25 (Møller and Jennions 2002) . We used equations in Rosenthal (1994) for estimating effect sizes. We also present 95% confidence intervals as suggested recently (Nakagawa 2004; Garamszegi 2006) .
RESULTS
Flight distance of singing and nonsinging birds
A nested analysis of variance revealed a highly significant effect of singing on flight distance (Table 1 ). The main factor explaining variation in flight distance was species, with additional variation attributed to variance among activities and starting distance (Table 1 ). This suggests that flight distance was related to song. The significant species effect suggests that flight distance is a species-specific attribute showing greater variation among than within species.
The mean index of risk taking by singing compared with nonsinging individuals was 10.092 (SE ¼ 0.027, range ¼ ÿ0.231 to 10.509, N ¼ 40 species). The mean of 10.092 deviated significantly from zero (Figure 1 ; one-sample t-test weighted by sample size, t ¼ 3.36, df ¼ 39, P ¼ 0.0017). Most species fled a longer distance when singing than when not singing (Figure 1 ). However, 16 out of 40 estimates were negative, showing shorter flight distance when singing in some species and hence large heterogeneity among species.
Flight distance and sparrowhawk predation
The most common predator of small passerine birds in the study area is the sparrowhawk. We tested if flight distance when approached by a human reflected risk taking during real predation attempts by relying on information on susceptibility to sparrowhawk predation from the same Danish study area where most of the flight distances were recorded. Indeed, species of birds particularly susceptible to predation took flight at short distances (Figure 2) , and that was also the case in an analysis of contrasts ( Figure 2 ). Next, we added a number of potentially confounding variables to the analyses but still found a significant negative relationship between susceptibility to predation and flight distance (Table 2A) . Body mass and body mass squared were entered as predictors to reflect the fact that the sparrowhawk prefers prey of intermediate body size (Møller and Nielsen 2006) . Indeed, sparrowhawks preferred prey of intermediate size as shown by the polynomial effect of body mass on flight distance (Table 2A ). The effect of starting distance was not significant (F ¼ 0.55, df ¼ 1,30, P ¼ 0.46). An analysis of contrasts, weighted by sample size, revealed a similar conclusion (Table 2B ). This shows that actual risk of predation to a real predator increased with decreasing flight distance.
Relative flight distance and song post exposure
Singing individuals of species with more exposed song posts took smaller risks than species with less exposed song posts, with information on song posts recorded in the same Danish study areas as where most of the information on flight distance was recorded (Figure 3 ). Starting distance did not enter as a significant predictor in this model (F ¼ 0.71, df ¼ 1,32, P ¼ 0.41) or in any of the following models, implying that we did not detect species with exposed song posts further away than species with less exposed song posts, implying that starting distance cancelled out in the calculations. By inference, individual birds should be able to detect the approaching observer independent of song post exposure because observers were able to see the individual birds. This implies that as song posts became exposed, individuals reduced their risktaking behavior or they simply detected a potential danger earlier. This relationship between song post exposure and flight distance was not confounded by habitat or sexual dichromatism that were both previously shown to predict song post exposure (Møller et al. 2005) . Partial regressions for these variables were small and statistically nonsignificant (Table 3 ). In contrast, the effect for song post exposure remained significant (Table 3 ). An analysis of contrasts, weighted by sample size showed a similar effect for song post exposure (Table 3) , and this effect was not confounded by sexual dichromatism or habitat (Table 3) .
Song post exposure was independently related to vulnerability to sparrowhawk predation (Møller et al. 2005) , as was relative flight distance to vulnerability to predation (this study). Therefore, we tested if relative flight distance after controlling for vulnerability to predation was related to song post exposure. Indeed, this multiple regression was statistically significant Flight distance other activity (m) Flight distance song (m) (Table 4A) , and the partial regression for song post exposure was statistically significant (Table 4A) . A similar conclusion was reached in an analysis of contrasts (Table 4B) .
Relative flight distance and parasitism
Singing individuals took greater risks than nonsinging individuals when the prevalence of Plasmodium was high in a given species ( Figure 4A ). We emphasize that the blood parasite data derived from across Europe (see Methods), although Scheuerlein and Ricklefs (2004) have shown that estimates of prevalence are repeatable across study sites in Europe. In contrast, partial regressions for prevalence of Haemoproteus, Leucocytozoon, and Trypanosoma did not reach statistical significance (F , 0.64, df ¼ 1,33, P . 0.43). This result was confirmed by an analysis of contrasts ( Figure 4A ).
Singing individuals of species with higher levels of NAbs took greater risks than did singing individuals in species with low levels of NAbs ( Figure 4B ). NAbs were quantified from blood samples taken in the same Danish study site as that where most of the flight distances were recorded.
Finally, we tested whether prevalence of Plasmodium and levels of NAbs independently explained variation in relative flight distance. Indeed, a multiple regression analysis that also took body mass into account, weighted by sample size, was statistically significant (Table 5 ). An analysis of contrasts showed that the effect of prevalence of Plasmodium remained significant, whereas that was not the case for NAbs (Table 5 ).
DISCUSSION
The main findings of this study of risk taking were that singing birds generally took smaller risks than birds involved in other activities, as reflected by their longer flight distances. Short flight distances can have dire consequences for survival, as shown by species with short flight distances suffering from elevated risks of predation by the sparrowhawk. Singing birds as compared with other individuals took smaller risks if they had more exposed song posts. Health status accounted for additional variation in risk taking, as the relative flight distance of singing individuals compared with individuals involved in other activities decreased with increasing prevalence of Plasmodium infection and levels of NAbs. There were qualitatively small differences in conclusions when analyses were based on species-specific data or independent contrasts, but given that we found no evidence of significant phylogenetic signal in the data, we consider the species-specific analyses to be fully adequate. We will briefly discuss our findings.
The risk taken by animals in the presence of a predator can have important fitness consequences. Here, we used flight distance to an approaching human being as a measure of risk taking. Mean estimates for different species were crossvalidated using 2 different sets of estimates. Estimates Table 2 Prey vulnerability to the sparrowhawk in relation to mean flight distance (m), body mass (g), body mass squared, and sexual dichromatism in a multiple regression model, weighted by sample size obtained by Blumstein (2006) were very similar to our estimates for a sample of species, and estimates obtained by an independent observer in one of our study areas were also very similar to our estimates. This provides extensive evidence for the reliability of such behavioral estimates under field conditions. Previous studies have also shown a high degree of repeatability among observers and biologically relevant correlations (Blumstein 2006) . We analyzed individual flight distances and showed that there were consistent differences between singing individuals and individuals involved in other activities. In addition, there was a significant effect of species showing species specificity for flight distances (see Blumstein et al. [2003] for a similar result). This implies that flight distances are a property of species, justifying the analysis of mean species-specific values in the comparative analyses. We used an index of the difference in mean flight distance between singing individuals and individuals engaged in other activities as a measure of the relative risk taken by singing individuals. This index showed considerable interspecific variation, although the mean index was significantly larger than zero, implying that singing individuals on average took smaller risks than nonsinging individuals.
Although animals respond to approaching humans as they would to a predator (Frid and Dill 2002) , it remains an untested, albeit likely, assumption that a shorter flight distance equates with an elevated risk of predation. Here, we exploited the unique situation of relative risk of predation for all breeding species having been estimated for our Danish study site (Møller and Nielsen 2006) . We showed an intermediate to strong (sensu Cohen 1988) negative relationship between susceptibility of different prey species to predation by the sparrowhawk and mean flight distance, and the slope of this logarithmic relationship implies that predation risk increased by more than a factor 25 across the range of mean flight distances recorded (Table 2, Figure 2) . This relationship implies that species with shorter flight distances indeed ran an elevated risk of predation. This effect was independent of additional factors that have previously been shown to affect susceptibility to predation by sparrowhawks in this population (Møller and Nielsen 2006) . For example, we found an additional effect of body mass and body mass squared, showing that sparrowhawks preferred prey of intermediate body size. Therefore, we can conclude that field estimates of risk taking based on flight distances reflect risk of being eaten by a common avian predator.
The index of relative risk taken by singing individuals was strongly positively related to song post exposure (Figure 3) , with species using exposed song posts taking relatively smaller risks when singing. Møller et al. (2005) showed that song post exposure varied in a systematic way with risk of predation by the sparrowhawk, with species with the most exposed song posts in the vegetation suffering the greatest risks of predation. In addition, species in grassland habitats had greater song post exposure than species breeding in bushes, which in turn had greater exposure than species inhabiting forests. Because different causal scenarios investigated with path analyses revealed that song post exposure subsequently affected the index of prey susceptibility (Møller et al. 2005) , we suggest here that the current findings concerning risk taking by Table 3 Models of the relationship between relative flight distance (difference in flight distance between singing and nonsinging individuals) in relation to song post exposure, habitat, and sexual dichromatism Pearson's correlation coefficient r is given as a standardized estimate of effect size. The model based on species-specific data had the statistics F ¼ 3.10, df ¼ 3,30, r 2 ¼ 0.24, P ¼ 0.041, AIC ¼ ÿ8.26, Cp ¼ 4 (Mallow's Cp criterion for model selection), whereas the best fit model that only included song post exposure had the statistics F ¼ 8. singing individuals can be interpreted as a means of reducing the predation cost of exposed display. Individuals of species with exposed song posts were more wary and left their song post at a greater distance from an approaching human than did individuals of species with less exposed song posts. That was also the case after controlling for the effect of susceptibility to predation. Alternatively, longer flight distances by species with more exposed song posts could simply arise from individuals being able to detect a potential danger earlier.
We can dismiss that possibility for 2 different reasons. First, we detected species with exposed song posts and started walking toward such species at a similar distance as species with more concealed song posts. Second, given the increased risk of predation experienced by species with exposed song posts Residual agglutination Relative risk taken by singing males (B) Figure 4 Relative risk taking of singing individuals compared with other individuals in relation to (A) prevalence of Plasmodium (% individuals infected with the blood parasite) and (B) abundance of NAbs in different species of birds. The relationships were adjusted for the effects of body mass by calculating residuals, whereas the statistics were based on using body mass as an additional independent variable. (A) A multiple regression with difference in flight distance between singing and nonsinging individuals as the dependent variable weighted by sample size with body mass as an additional variable using species-specific data: F ¼ 8.38, df ¼ 2,36, r 2 ¼ 0.32, P ¼ 0.0010; partial regression for prevalence of Plasmodium: F ¼ 6.05, df ¼ 1,36, P ¼ 0.019, slope (SE) ¼ ÿ0.37 (0.15); contrasts: partial regression for prevalence of Plasmodium: F ¼ 4. (Møller et al. 2005) , we can infer that any individual that took flight at a long distance would simultaneously reduce the risk of falling prey to a predator.
Malaria is well known for its damaging effects on erythrocytes, thereby reducing metabolic efficiency and blood flow to the brain and the spleen (Atkinson and Van Riper 1991; Chen et al. 2001) . Furthermore, malaria also induces immune responses, heat-shock proteins, and fever (Wakelin 1996; Merino et al. 1998; Chen et al. 2001 ). All these effects should render infected individuals more likely to fall prey to a predator, as has been shown (Møller and Nielsen 2006) , thereby reducing the residual reproductive value of an infected individual. Therefore, malarial infection and infection with other virulent diseases should directly affect the risk-taking behavior during sexual display because an infected individual is less likely to be alive the next breeding season than an uninfected individual. Indeed, singing birds took relatively greater risks in species with high prevalence of Plasmodium infections compared with species with low prevalence ( Figure 4A ), whereas no similar relationship was found for 3 other genera of blood parasites. Indeed, infections with Plasmodium seem to have more severe consequences for hosts than infections with other blood parasites (Atkinson and Van Riper 1991) . This effect is as predicted, supporting the hypothetical increase in risk taking when the fitness return of sexual display is reduced by an external cause of mortality.
The flip side of disease is defense against disease. Selection should have caused individuals to increase investment in immune defense when the risk of fitness loss is the greatest, resulting in a greater reduction in residual reproductive value when the impact of parasitism and hence immunity is elevated. Here, we used a data set on interspecific variation in NAb levels to test the prediction that species with high levels of antibodies took relatively greater risks when singing. NAbs constitute the innate first line of defense against pathogens including bacteria (Congdon et al. 1969; Carroll and Prodeus 1998) , and this measure is therefore particularly suitable for many studies because it is relatively insensitive to external influences. Singing males took greater risks than individuals involved in other activities when individuals of that species had high NAb levels ( Figure 4B ). This finding is as expected if a high level of NAbs reflect a strong impact of parasites on a given host species because individuals of such a species would suffer from elevated risks of death due to parasitism.
The different findings concerning relative risk taken by singing individuals suggest that birds are able to trade the benefits of display against the costs of natural selection. The results also suggest that sick individuals either due to malaria or other infections adjust their behavior to take greater relative risks when singing, thereby potentially improving their success from display in the face of an elevated risk of predation. Indeed, Møller and Nielsen (2006) have shown that malarial infection dramatically increases the risk of sparrowhawk predation. This emphasizes the intricate feedback loops between signaling, predation, and parasitism. Signals may increase risks of predation, such risks can be partially mitigated by changes in behavior, disease affects the risk of predation, and the risk of mortality associated with disease in turn affects the risks taken during display. Our results have implication for the cost of bird song. Females may be expected to prefer males that can bear the cost of singing at exposed sites and taking high risk during singing. Therefore, risk-taking behavior can be a component of cost that can guarantee that song is a reliable signal of male quality. It would be interesting to see not only how individuals differing in disease status changed their display behavior but also their risk-taking behavior. In particular, it would be particularly rewarding to test how experimental infections or cures affected subsequent changes in display and risk taking.
In conclusion, we have shown that a simple index of risk taking as estimated from flight distance of birds during field conditions reliably reflects the risk of predation by sparrowhawks. Relative risk taking by singing individuals were independently related not only to exposure of song posts but also to health status of individuals as reflected by malarial infection and level of innate immune defense. These findings suggest that flight distance represents a fine-tuned behavior that individuals adopt to optimize their sexual display in an attempt to maximize the benefits and minimize the predation costs of song. 
